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A SCANNING ELECTRON MICROSCOPE SURVEY 
OF COMMON AIRBORNE POLLEN GRAINS 
IN TAIPEI, TAIWAN 

Su-Hwa Chen 


Abstract: The morphology of the common airborne pollen grains of 57 
species were observed with SEM. The most frequently observed pollen can 
be distinguished by their fine wall structures. However, a few pollen grains 
like 2- or 3-porate pollen have quite similar morphology and can not be easily 
identified even under SEM. A more precise identification of airborne pollen 
was obtained. 


INTRODUCTION 

The study of aeropalynology may provide important additional information for the 
investigation of pollen allergy as well as vegetation history. In Taipei, there are several published 
papers concerning the establishment of the pollen calendar of the several urban areas (Chen & 
Huang, 1980; Chen, 1984; Chen & Chien, 1986) or the suburban environment (Tsou & Huang, 
1982). 

Sometimes it is difficult to identify the different pollen from each other only based on 
the light microscopic (LM) observation. A great deal of the airborne pollen in the spring in Taipei, 
for example, are of either 2- or 3-porate. They are similar in size and morphology and always 
cause confusion in taxa determination. It is therefore necessary to identify the airborne pollen 
with a scanning electron Microscope (SEM). This has been widely used by many authors (Nilsson 
et al., 1977; Bassett et al., 1978). The purpose of this article is to provide more precise informa¬ 
tion on common airborne pollen in Taipei. 

MATERIALS AND METHODS 

Fifty-seven species of fresh pollen grains were collected from the dehiscent anthers except 
Ambrosia elatior and Artemisia capillaris which were collected from Herbarium of National 
Taiwan University (NTU), Taipei, Taiwan. The pollen grains were acetolyzed (Erdtman, 1952) 
and then were washed in distilled water. The fixation, dehydration, drying and coating with 
gold were the same as had been published (Chen, 1986). Pollen were examined with a Hitachi 
S-520 SEM. 

All the pollen species examined are listed in Table 1. The nomenclature and description 
of pollen morphology follow the Flora of Taiwan (Li et al., 1979) and Erdtman (1966) and 
Huang (1972), respectively. The grain size and wall thickness were measured under LM and 
generally based on twenty-five measurements. Dimension of wall sculptures were measured 
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Table 1. Specimen used in this study, especially for microphotographs 


Family 

Scientific name 

Specimen 

No. 

Locality 

Collected 

date 

Cupressaceae 

Juniperus chinensis L. var. 
kaizuka Hort. ex Endl. 

580 

Taipei 

Feb. 1, 1985. 

Cupressaceae 

Thuja orien talis L. 

587 

Taipei 

Mar. 2,1985. 

Cycadaceae 

Cycas taiwaniana Carr. 

446 

Taipei 

Jun. 13, 1984. 

Pinaceae 

Pinus luchuensis Mayr. 

078 

Taipei 

Mar. 12, 1984. 

Pinaceae 

Pirns massoniana Lamb. 

117 

Taipei 

Mar. 23, 1984. 

Pinaceae 

Pinus taiwanensis Hayata 

780 

Nantou 

Mar. 14, 1986. 

Podocarpaceae 

Podocarpus macrophyllus (Thunb.) D. Don 

104 

Taipei 

Mar. 20, 1984. 

Podocarpaceae 

Podocarpus nankoensis Hayata 

845 

Taipei 

Apr. 26, 1986. 

Taxodiaceae 

Cunninghamia konishii Hayata 

856 

Taipei 

Feb. 20, 1986. 

Betulaceae 

Alnus formosana (Burk.) Makino 

876 

Taipei 

Oct. 27, 1984. 

Caryophyllaceae 

Dianthus caryophyllus L. 

210 

Taipei 

Apr. 13, 1984. 

Casual inaceae 

Casuarina equisetifoiia L. 

242 

Taipei 

Apr. 19, 1984. 

Chenopodiaceae 

Chenopodium ambrosioides L. 

280 

Hsintzu 

Apr. 27, 1984. 

Compositae 

Ambrosia elatior L. 

880 

Taipei 

Apr. 12, 1979. 

Compositae 

Artemisia capillaris Thunb. 

882 

Pingtong 

Oct. 4, 1967. 

Cruciferae 

Brassica chinensis L. 

728 

Pingtong 

Jan. 30, 1986. 

Elaeocarpaceae 

Elaeocarpus serratus L. 

497 

Taipei 

Aug. 9, 1984. 

Euphorbiaceae 

Bischofia javanica Blume 

100 

Taipei 

Mar. 19, 1984. 

Euphorbiaceae 

Macaranga tanarius (L.) Muell.-Arg. 

264 

Han 

Apr. 27, 1984. 

Euphorbiaceae 

Mallotus japonicus (Thunb.) Muell.-Arg. 

387 

Taipei 

May. 24, 1984. 

Euphorbiaceae 

Mallotus paniculatus (Lam.) Muell.-Arg. 

490 

Kaohsiung 

JuL 13, 1984. 

Hamamelidaceae 

Liquidambar formosana Hance 

062 

Taipei 

Feb. 23, 1984. 

Lauraceae 

Gnnamomum camphora (L.) Nees& Eberm. 

635 

Taipei 

May 3, 1985. 

Lythraceae 

Lagerstroemia indica L. 

455 

Taipei 

Jun. 21, 1984. 

Lythraceae 

Lagerstroemia subcostata Koehne 

448 

Taipei 

Jun. 18, 1984. 

Moraceae 

Broussonetia papyrifera (L.) L'Herit. 
ex Vent. 

090 

Taipei 

Mar. 14, 1984. 

Moraceae 

Humulus scandens (Lour.) Merr. 

137 

Taipei 

Mar. 31, 1984. 

Moraceae 

Morns australis Poir. 

064 

Taipei 

Feb. 23, 1984. 

Myricaceae 

Myrica rubra Sieb. & Zucc. var. acuminata 
Nakai 

086 

Taipei 

Mar. 14, 1984. 
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Table 1. Specimen used in this study, especially for microphotographs ( Continued ) 


Family 

Scientific name 

Specimen 

No. 

Locality 

Collected 

date 

Myrtaceae 

Eucalyptus robusta Smith 

507 

Taipei 

Sep. 5,1984. 

Myrtaceae 

Melaleuca leucadendra L. 

500 

Taipei 

Aug. 25, 1984. 

Oleaceae 

Chionanthus retusus Lindl. & Paxton 
var. serrulatus (Hayata) Koidz. 

098 

Taipei 

Mar. 19, 1984. 

Oleaceae 

Ligustrum japonicum Thunb. 

250 

Taipei 

Apr. 23, 1984. 

Plantaginaceae 

Plantago asiatica L, 

081 

Taipei 

Mar. 13, 1984. 

Plantaginaceae 

Plantago major L. 

366 

Nantou 

May 21, 1984. 

Polygonaceae 

Polygonum chinensis L. 

675 

Taipei 

Oct. 6, 1985. 

Polygonaceae 

Polygonum hydropiper L. 

597 

Taipei 

Mar. 18, 1984. 

Polygonaceae 

Polygonum longisetum De Bruyn 

676 

Taipei 

Oct. 6, 1985. 

Polygonaceae 

Rumex crispus L. 

219 

Taipei 

Apr. 13, 1984. 

Primulaceae 

Lysimachia mauritiana Lam. 

225 

Taipei 

Apr. 17, 1984. 

Primulaceae 

Lysimachia taiwaniana Suzuki ex Kao 

231 

Taipei 

Apr. 17, 1984. 

Punicaceae 

Punica granatum L. 

462 

Taipei 

Jun. 28, 1984. 

Salicaceae 

Salix babylonica L. 

079 

Taipei 

Mar. 12, 1984. 

Salicaceae 

Salix warburgii 0. Seem. 

077 

Taipei 

Mar. 12, 1984. 

Ulmaceae 

Celtis sinensis Personn 

092 

Taipei 

Mar. 14, 1984. 

Ulmaceae 

Trema orientalis (L.) Blume 

252 

Taipei 

Apr. 24, 1984. 

Ulmaceae 

Zelkova serrata (Thunb.) Makino 

786 

Nantou 

Mar. 14, 1984. 

Gramineae 

Alopecurus aequalis Sobol, var. amurensis 
(Komar.) Ohwi 

596 

Taipei 

Mar. 18, 1985. 

Gramineae 

Bambusa oldhamii Munro 

330 

Miaoli 

May 11, 1984. 

Gramineae 

Oryza sativa L. 

883 

Taipei 

Jun. 9, 1986. 

Gramineae 

Paspalum orbiculare Forst. 

313 

Taipei 

May 9, 1984. 

Gramineae 

Pennisetum alopecuroides (L.) Spreng, 

669 

Tainan 

Nov. 14, 1985. 

Gramineae 

Poa annua L, 

744 

Tainan 

Feb. 1, 1986. 

Gramineae 

Polypogon fugax Nees 

194 

Tainan 

Apr. 4, 1984. 

Gramineae 

Setaria palmifolia (Koen.) Stapf 

533 

Taipei 

Oct. 16, 1984. 

Gramineae 

Setaria viridis (L.) Beauv. 

537 

Taipei 

Oct. 16, 1984. 

Gramineae 

Zea mays L. 

089 

Taipei 

Mar. 14, 1984. 
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directly from photo-micrographs. Voucher specimens were deposited in the Palynological 
Laboratory, Department of Botany, NTU. 

DESCRIPTION OF POLLEN GRAINS 
Cupressaceae 

Juniperus chinensis L var. kaizuka Hort. ex Endl. (Fig. 1A-B) 

Pollen grains 1-porate, spheroidal, 22-30 p in diameter, splitted and folded after acetolysis. 
Some pollen grains with a protruding (Fig. 1B) on the pore. 

Exine 1 p thick. Sexine granulate under LM, verrucate-granulate under SEM with round 
stellate agglomerated grains (orbicules after Nilsson et al., 1977), 0.3-0.5 p in diameter. 

Thuja orientalis L (Fig. 1C-D) 

Pollen grains 1-porate, spheroidal, 26-35 p in diameter, splitted and folded after acetolysis. 
Exine 1 p thick. Sexine granulate under LM, verrucate-granulate under SEM with round 
stellate agglomerated orbicules, 0.3-0.5 p in diameter. 

Cycadaceae 


Cycas taiwaniana Carr. (Fig. 1E-F) 


Pollen grains 1-colpate, spheroidal or suboblate when folded, 26-33 p in diameter. Colpus 
eye-shaped or irregular. 

Exine 1.5 p thick. Sexine smooth, punctate in the vicinity of the aperture. 


Pinaceae 


Pinus luchuensis Mayr. (Fig. 2A-B) 

Pollen grains 2-saccate, analept, bilaterally symmetric, heteropolar. Corpus elliptic in polar 
view, 30-43 x 33-48 p, plano-convex in lateral view, 22-48 p high. Sacci elliptic in polar view, 
29-40 x 18-27 p, biconvex in lateral view, 21-31 p high. 

Exine 1-1.5 p thick. Corpus coarsely and compactly verrucate at the proximal face, smooth 
on the distal face. Sacci with an internal network (alveolate), “reticulate” in surface view (LM). 

Pinus massoniana Lamb. (Fig. 2C-D) 

Pollen grains similar to P. luchuensis. Corpus large, 42-57 x 42-58 p in polar view, 37-50 p 


Fig. 1. (A-B) Juniperus chinensis L. var. kaizuka Hort. ex Endl.: (A) A splitted 1-porate pollen with round 
orbicules on the exine surface, X2,000; (B) Detail of granulate exine surface and a protruding with 
round stellate orbicules, X 10,000. (C-D) Thuja orientalis L.: (C) A 1-porate grain with agglomerated 
orbicules, X2,000; (D) Detail of verrucate-granulate exine with round stellate orbicules, X 10,000. 
(E-F) Cycas taiwaniana Carr.: (E) A spheroidal grain with a S-shaped colpus, x2,300; (F) Detail of 
the colpus and its vicinity of irregularly punctate exine surface, x 10,000. 
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high in lateral view. Sacci 37-59 x 32-42 /z in polar view, 33-44 n high in lateral view. 

Exine 1.5-3 jz thick. Corpus coarsely and compactly verrucate at the proximal face, minute 
rods on the distal face. 

Pinus taiwanensis Hayata (Fig. 2E-F) 

Pollen grains similar to P. luchuensis and P. massoniana. Corpus 45-57 x 3349 /z in polar 
view, 30-38 /z high in lateral view. Sacci 33-51 x 26-40 /z in polar view, 30-43 /z high in lateral 
view. 

Exine 2-4 jz thick. Corpus coarsely verrucate at proximal face, smooth on the distal face. 
Sacci with an internal network. 


Podocarpaceae 

Podocarpus macrophyllus (Thunb.) D. Don (Fig. 3A-C) 

Pollen grains 2-saccate (sometimes two sacci coalesed as a ring), analept, bilaterally symmetric, 
heteropolar. Corpus elliptic or sometimes circular in polar view, 2241 x 20-40 /z, plano-convex 
in lateral view, 26-35 jr high. Sacci elliptic in polar view, 22-33 x 3146 jz. 

Exine 1-2 /z thick, thicker at the proximal pole and gradually thinner towards the distal 
pole. Corpus coarsely and compactly verrucate and undulated at the proximal face, smooth 
on the distal face. Sacci sparsely perforated and undulated between the limitation of proximal 
face and saccus. 

Podocarpus nankoensis Hayata (Fig. 3D-E) 

Pollen grains 2-saccate. Corpus elliptic to spheroidal in polar view, 2540 x 26-37 /z, plano¬ 
convex in lateral view, 21-37 jz high. Sacci 20-42 x 22-37 jz in polar view and 25-38 /z high in 
lateral view. 

Exine 1-2 jz thick. Corpus compactly verrucate at the proximal face and smooth on the 
distal face. Sacci with an internal network and sparsely perforations. 

Taxodiaceae 


Cunninghamia konishii Hayata (Fig. 3F-H) 

Pollen grains 1-porate, spheroidal, 31-36 p wide. Pores circular, not always conspicuous, 
2-3.5 /z wide. 

Exine (or perine?) 1-2 /z thick, verrucate-granulate with round stellate agglomerated 
structure, 0.5 /z in diameter. 


Fig. 2. (A-B) Pinus luchuensis Mayr.: (A) A 2-saccate grain in lateral view with coarsely verrucate corpus 
in proximal face and a part of smooth distal face in view, X 1,000; (B) Detail of exine surface of 
proximal pole of corpus showing coarse verrucae with perforations, X 10,000. (C-D) Pinus massoniana 
Lamb.: (C) A 2-saccate grain in lateral view, X 1,000; (D) Detail of exine surface of distal pole of 
corpus showing minute rods, X5.000. (E-F) Pinus taiwanensis Hayata: (E) A 2-saccate grain in lateral 
view, X1.000; (F) Detail of exine surface of corpus showing coarse verrucae on the proximal pole, 
X5.000. 
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Betulaceae 

Alnus formosana (Burk.) Makino (Fig. 4A-B) 

Pollen grains 4-5-porate, isopolar, suboblate in equatorial view, tetragonal or pentagonal 
in polar view, 19-31 p wide. 

Pores usually elliptic, 3x4 p, surrounded by thickened and protruding exine. 

Exine 1 p thick. Sexine spinulate and with supratectal ridges bearing spinulae. Pores 
connected with sexinal arcoid streaks. 


Caryophyllaceae 


Dianthus caryophyllus L. (Fig. 4C-D) 

Pollen grains pantoporate, 12-16 pores, apolar, spheroidal, 43-67 p in diameter. 

Pores circular, 5-8 p in diameter. Rosette echinate elements beset on the pore membranes. 
Exine 3-5 p thick. Sexine echinate/punctate. Echini 8 p high and 6 p wide in dimension, 
punctae ca. 3.5 p in dimension. 


Casuarinaceae 


Casuarina equisetifolia L. (Fig. 4E-F) 

Pollen grains 3-porate, isopolar, radially symmetrical; suboblate in equatorial view, semi- 
angular in polar view, 22-33 x 25-37 p. 

Pores circular, 2-4 p in diameter. Annulus 6 p wide. 

Exine 1-2.5 p thick. Sexine with supratectal ridges, often in parallel arrangement, ridges 
with minute processes. 


Chenopodiaceae 

Chenopodium ambrosioides L. (Fig. 4G-H) 

Pollen grains pantoporate (70-80 pores), apolar, spheroidal, 23-29 p in diameter. 

Pores circular, 1-2 p in diameter. Pore membranes with granulate processes, and pore margins 
smooth. 

Exine 1-2 p thick. Sexine thicker than nexine, spinulate. Spinulae ca. 0.2 p wide and 

high. 


Fig. 3. (A-C) Podocarpus macrophylhis (Thunb.) D. Don.: (A) A 2-saccate grain in lateral view, X 1,100; 
(B) Pollen grain in distal view showing smooth distal face, X 1,000; (C) A grain in proximal view showing 
undulate sacci, X 1,000. (D-E) Podocarpus nankoensis Hayata: (D) A 2-saccate grain in proximal 

view, x 1,000; (E) A grain in lateral view, x 1,000. (F-H) Cunninghamia konishii Hayata: (F) A 

spheroidal grain showing a pore on the right hand stutted with operculum, X 1,600; (G) A broken 
grain showing the pore, X 1,600; (H) Detail of granulate exine surface with round stellate orbicules, 
Xl 0,000. 




84 


TAIWANIA 


Vol. 33 



I-ig. 4. 






June, 1988 


Chen—A Scanning Electron Microscope Survey of Common Airborne Pollen Grains 


85 


Compositae 


Ambrosia elatior L. (Fig. 5A-B) 

Pollen grains 3-colporate, isopolar, suboblate to oblate spheroidal (P/E = 0.84-0.98) in 
equatorial view, circular in polar view, 16-24 x 18-24.5 p. 

Colpi 16 n long, 1 p wide. Ora 1-1.5 /j wide. 

Exine 2-3 p thick. Sexine continuously echinate, echini 1.3-1.7 /j in base and 1.2 p in height. 
Artemisia capillaris Thunb. (Fig. 5C-E) 

Pollen grains 3-colporate, isopolar, oblate spheroidal to subprolate (P/E = 1-1.25) in equatorial 
view, circular lobate in polar view, 20-24 x 17-24 p. 

Colpi 16 p long, 2 p wide. Ora 2-5 /a wide. 

Exine 2.5-4.5 p thick. Sexine microechinate with sparse spinulae. 

Cruciferae 


Brassica chinensis L. (Fig. 5F) 

Pollen grains 3-colpate, isopolar, suboblate to prolate spheroidal (P/E = 0.83—1.13) in 
equatorial view, circular in polar view, 19-25 x 22-27 p. 

Colpi 20 p long, without clear incision on margin. Pore membranes with granulate processes. 
Exine 2-2.5 p thick. Sexine reticulate. 

Elaeocarpaceae 


Elaeocarpus serratus L. (Fig. 5G) 

Pollen grains 3-colporate (rarely 2-colporate), suboblate to prolate spheroidal (P/E = 0.86- 
1.06) in equatorial view, circular in polar view, 8-11.5 x 8-13 p. 

Colpi 6 p long, 1 p wide. 

Exine 0.8-1 p thick. Sexine punctate, the perforation ca. 1 p in dimension. 


Euphorbiaceae 


Bischofia javanica Blunie (Fig. 6A-B) 

Pollen grains 3-colporate, isopolar, prolate spheroidal to subprolate (P/E = 1-1.31) in 
equatorial view, circular in polar view, 20-23 x 16.5-22 p. 


Fig. 4. (A-B) Alnus formosana (Burk.) Makino: (A) A 4-porate grain with strium between the pores, X2,300; 
(B) Detail of exine surface showing ridges with microprocesses on them, X6,600. (C-D) Dianthus 
caryophyllus L: (C) Detail of echinate/punctate exine surface and a pore with rosette spinulate 
elements, X4,000; (D) A pantoporate grain, X 1,500. (E-F) Casuarina equisetifolia L.: (E) A 3-porate 
grain in polar view showing protruding aspides, X 2,000; (F) Detail of exine surface showing supratectal 
ridges, on which microprocesses present, X6,600. (G-H) Chenopodium ambrosioides L.: (A) A 

pantoporate grain, X2.000; (H) Detail of spinulate exine surface, pores with isolated elements, X 10,000. 
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Colpi as long as P axis. 0.6 y wide. Ora transversally elliptic, 5 y wide. 

Exine 1-1.5 y thick, thicker at aperture margins. Sexine reticulate, iumina very narrow. 

Macaranga tanarius (L.) Muell.-Arg. (Fig. 6C-E) 

Pollen grains 3-colporate, isopolar, suboblate to prolate spheroidal (P/E = 0.82-1.13) in 
equatorial view, circular in polar view, 13.5-17 x 15-18 y. 

Colpi 11-13 y long, 1 y wide. Ora transversally parallel and almost anastomosing to form a 
ring under l.M, I y wide. Colpus membranes with granulate processes. 

Exine 1-1.5 y thick, thicker at aperture margins. Sexine densely spinulate. 

Mallotus japonicus (Thunb.) Muell.-Arg. (Fig. 6F-H) 

Pollen grains 3-colporate, isopolar. suboblate to prolate spheroidal (P/E = 0.88-0.96) in 
equatorial view, circular in polar view, 23-27 x 25-29 y. 

Colpi 16-19 y long, 1 y wide. Ora transversally parallel and anastomosing to form a ring 
under LM. 2.5-4 y wide, but obscure under SEM. Colpus membranes with granulate processes. 
Exine 2-3 y thick, thicker at aperture margins. Sexine spinulate/punctate. 

Mallotus paniculatus (Lam.) Muell.-Arg. (Fig. 7A) 

Pollen grains 3-colporate, isopolar, suboblate to prolate spheroidal (P/E = 0.87-1.05) in 
equatorial view, circular in polar view, 19-23 x 20-23 y. 

Colpi 14-18 y long. 1 y wide. Ora transversally parallel and anastomosing to form a ring 
under LM, 1.5-2.5 y wide. 

Exine 2-2.5 y thick, thicker at aperture margins. Sexine spinulate/punctate. 

Hamamelidaceae 

Liquidantbar formosana Hance (Fig. 7B-D) 

Pollen grains pantoporate (13-18 pores, rarely 22 pores), apolar, spheroidal, 48-57(-72) y 
in diameter. 

Pores circular with uncrassimarginate and irregular margins, 3.5-4.5 y in diameter. Pore 
membranes beset with various shapes of extrusions. 

Exine 2 y thick. Sexine as thick as or slightly thicker than nexine, spinulate/punctate 
(depression 0.2-0.5 y in diameter). 


Fig. 5. (A-B) Ambrosia elatior L.: (A) A grain in polar view. X2.700; (B) Detail of echinate exine surface, 
X 10.000. (C-E) Artemisia capillaris L.: (C) A grain in equatorial view, X2.700; (D) A grain in polar 
view. X2,700; (E) Detail of granulate exine surface with sparse spinulae, X6.600. (F) Brassica 
chinensis L A grain in equatorial view showing reticulate exine surface and a colpus with isolated 
elements, X3.300. (G) L'laeocarpus serrattts L. A grain in equatorial view showing two of three colpi 
and perforation on exine surface, x 10.000. 




6 . 











June. 1988 


Chen—A Scanning Electron Microscope Survey of Common Airborne Pollen Grains 


89 


Lauraceae 

Cinnamomum camphora (L.) Nees & Eberm. (Fig. 7E-F) 

Pollen grains inaperturate, apolar, spheroidal, 2743 n in diameter. 

Exine 1-1.5 /a thick. Sexine echinate/spinulate. the cone-shaped echini surrounded by the 
ring formed spinulae. 


Lythraceae 


Lagerstroemia indica L. (Fig. 7G-H) 

Pollen grains 3-colporate with 6 pseudocolpi which parallel the colpi, isopolar, prolate 
spheroidal to subprolate (P/E = 1.03-1.17) in equatorial view, inter semi-angular in polar view, 
35-44 x 31-43 q. 

Colpi 22-26 p long, 5 /i wide, colpus membranes granulate. Pseudocolpi shorter than colpi. 
Ora longitudinally elliptic, 6 x 3.5 q. 

Exine 1.5-3 q thick, exine at mesocolpial area thicker than that in colpus vicinity. Three 
undulating sexinal crests covered on the mesocolpi and fused together at the poles. Sexine 
verrucate. 

Lagerstroemia subcostata Koehne (Fig, 71) 

Pollen grains 3-colporate with 6 pseudocolpi which parallel the colpi, isopolar, prolate 
spheroidal to subprolate (P/E = 1.03-1.30) in equatorial view, inter semi-angular in polar view, 
32-47 x 32-42 p. 

Colpi 29 p. long, 2 p wide. Ora 5-6 p wide. 

Exine 1-3 p thick, the thickness of exine and the sexinal crests similar to that of Lagerstroemia 
indica. Sexine verrucate. 


Moraceae 

Broussonetia papyrifera (L.) L'Horit ex Vent. (Fig. 8A-B) 

Pollen grains 2-porate, [(3-)4-porate by Huang (1972)], spheroidal, 13-21 p on diameter, 
sometimes slightly elliptic. 

Pores circular, ca. 1 p in diameter, uncrassimarginate, with pore membranes. 

Exine 1 p thick. Sexine sparsely spinulate, spinulae 0.2-0.3 p in dimension. 


I ig. 6. (A-B) Biscliofia javanica Blume: (A) A grain in equatorial view showing one of three colpi, os obscure, 
X3.300; (B) A grain in polar view, slightly inclined. X3.300. (C-E) Macaranga tamrius (L.) Muell.- 
Arg.: (C) A slightly inclined grain in equatorial view with a colpus, X4.000; (D) A 3-colporate grain 
in polar view, X4.000: (E) Detail of exine surface showing dense spinulae, X 10.000. (F-H) Maltotus 
japonicus (Thunb.) Mucll.-Arg.: (F) A grain in polar view, slightly inclined, X2.700; (G) A grain in 
equatorial view showing colpus membrane with granulae. X2.700; (H) Detail of exine surface with 
spinulae/punctae. X 10.000. 
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Humulus scandens (Lour.) Merr. (Fig. 8C-D) 

Pollen grains 3-porate, very rarely 2-porate, isopolar, suboblate in equatorial view, circular 
in polar view, 20-28 m wide. 

Pores circular or slightly elliptic, 1.5-1.8 fi in diameter. Annulus 2.5 q wide, 2 n high. 

Exine 0.8-1.5 n thick. Sexine thicker than nexine, spinuiae uniform, sometimes coalescing 
together, up to 0.65 q in dimension. 


Morus australis Poir. (Fig. 8E-F) 

Pollen grains 2-porate, one grains 3-porate in 100 counts (specimen 64), isopolar, oblate- 
spheroidal to spheroidal in equatorial view, 17-25 n in diameter. 

Specimen 573: Pollen grains 2- and 3-porate. 

Pores circular, ca. 3 q in diameter, uncrassimarginate. Pore membranes beset with extru¬ 
sions. 

Exine thiner than 1 q thick, and flexible, sometimes invaginated, sparsely spinulate, spinuiae 
0.2-0.3 q in dimension. 


Myricaceae 

Myrica rubra Sieb. & Zucc. var. acuminata Nakai (Fig. 9A-B) 

Pollen grains 3-porate, isopolar, suboblate in equatorial view, semi-angular in polar view, 
19-21 x 21-26 q. 

Pores circular or slightly longitudinally elliptic, 1-3 n in diameter. Annulus 6-10 ft wide. 

Exine 1-2 p. thick. Sexine spinulate, spinuiae 0.2 p wide. Spinuliferous processes on small 
individual elevations which usually anastomosing into irregularly shaped supratectal islands. 

Myrica pollen differs from that of Casuarina by the abscence of elongated supratectal ridges, 
which are typical for Casuarina pollen. 


Myrtaceae 


Eucalyptus robusta Smith (Fig. 9C-D) 

Pollen grains syncolporate, isopolar, oblate in equatorial view, subangular in polar view, 
13-17 x 23-28 p. 

Colpus membranes smooth. Ora circular transversally elliptic, 0.8-1.5 p wide. 

Exine 1-1.5 p thick. Sexine smooth. 


Fig. 7. (A) Mallolus paniculalus (Lam.) Muell.-Arg.: A grain in slightly oblique equatorial view, X2.700. 
(B-D) Liquidambar formosana Hance: (B) A pantoporate grain, XI,700; (C) Detail of spinulate/ 
punctate exine surface and a part of pore membrane beset with extrusion, x6,600; (D) Coalescing 
of two pores, X3.300. (E-F) Cinnamomum camphora (L.) Nees & Eberm.: (E) A nonaperaturate 
grain, X2.700; (F) Detail of cchinate/spinulate exine surface, X6.600. (G-H) Lagerstroemia indica 
L.: (G) A grain in polar view showing 3 colpi and a trilete ridge in mesoclopi, X 1,500; (H) A grain 
in equatorial view, X 1,500. (I) Lagerstroemia subcostata Koehne: A grain in equatorial view showing 
conspicuous ridge in mesocolpus, X 1,700. 
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Melaleuca Ieucadendra L, (Fig. 9E-F) 

Pollen grains parasyncolporate, isopolar, oblate in equatorial view, subangular in polar view, 
sometimes with slightly concave sides, 11-14 x 20-23 p. 

Colpus membranes smooth. Ora circular, 1-2 p wide. 

Exine 1-1.5 p thick. Sexine smooth around the colpus margins, minute depressions on the 
mesocolpi. 


Oleaceae 

Chionanthus retusus Lindl. & Paxton var. serrulatus (Hayata) Koidz. (Fig. 10A-B) 

Pollen grains 3-colporate, isopolar, prolate spheroidal to prolate (P/E = 1.07-1.46) in 
equatorial view, circular in polar view, 15-19 x 12-15 p. 

Colpi 11-13.5 p long, 1 p wide. Ora 2-3 p wide, sometimes obscure. 

Exine 1-1.8 p thick. Sexine reticulate, lumina larger in the mesocolpi, smaller towards the 
margins of colpi; muri 0.2-0.3 p wide. 

Ligustrum japonicum Thunb. (Fig. 10C) 

Pollen grains 3-colporoide, isopolar, oblate spheroidal to prolate spheroidal (P/E = 0.89- 
1.06) in equatorial view, circular in polar view, 25-33 x 28-34.5 p. 

Colpi 14-18 p long, 3-4 p wide. Ora obscure, 3-4 p wide. 

Exine 3-4 p thick. Sexine reticulate, lumina irregularly shaped, 14 p in dimension; muri 
supported by a single row of pilae, 1 p wide. 


Plantaginaceae 


Plantago asiatica L. (Fig. 10D-E) 

Pollen grains pantoporate (7-8 pores), apolar, spheroidal, 23-28 p in diameter. 

Pores not sharply delimited, 3-3.5 p in diameter, without a thickened margin. Pore mem¬ 
branes beset with granula. 

Exine 1.5 p thick. Sexine undulating irregular hillocks (3 x 4p in dimension) with spinulae, 
0.2 p wide. 


Plantago major L. (Fig. 10F) 

Pollen grains pantoporate (4-8 pores), apolar, spheroidal, 21-27 p in diameter. 

Pores not sharply delimited, 3 p in diameter, without a thickened margin. Pore membranes 
beset with granula. 


Fig. 8. (A-B) Broilssonetia papyrifera (L.) L'Herito cx Vent.: (A) A spheroidal grain with one of two pores, 
X4.000; (B) Detail sexine surface and a pore with pore membrane, X6.600. (C-D) Humulus scandens 
(Lour.) Merr.: (C) A spinulate grain in polar view, X2.700; (D) Detail of sexine near one pore, X 6,600. 
(E-F) Moms australis Poir.: (E) A grain with two pores on right and left hand, X3.300; (F) Detail 
of sexine surface and a pore with protruding on the pore membrane, X6.600. 
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Exine 1.2-1.5 p thick. Sexine undulating to form relatively high hillocks (5 x 6 /a in 
dimension) with distinct spinulae on it. 

P. major differs from P. asiatica by having larger hillocks. 

Polygonaceae 


Polygonum chinensis L. (Fig. 11A-B) 

Pollen grains 3-colpate, isopolar, suboblate to prolate spheroidal (P/E = 0.85-1.02) in 
equatorial view, semi-angular in polar view, 3348 x 38-50 /a. 

Colpi 20-31 m long, 2-6 /a wide. Colpus membranes beset with granula. 

Exine 4-6.5 p thick. Sexine reticulate, lumina 4.5-8 p in dimension; muri acute, supported 
by double rows of pilae, 2-2.5 ja wide. 

Very few pollen from this genus are shed into the air. 

Polygonum hydropiper L. (Fig. 11C-D) 

Pollen grains pantoporate, apolar, spheroidal, 46-62 /a in diameter. 

Pores obscure, 2-3.5 p wide. 

Exine 5-8 p thick. Sexine reticulate, lumina irregularly polygonal with verrucate elements 
that probably pore covering, 5-8 p in dimension; muri supported by double rows of pilae, 2.5- 
4 p wide. 


Polygonum longisetum De Bruyn (Fig. 11E-F) 

Pollen grains pantoporate, apolar, spheroidal. 47-60 p in diameter. 

Pores 1.5-3 p wide. 

Exine 6-8 p thick. Sexine reticulate, lumina regularly polygonal, 6-9 p in dimension. Lumen 
membranes with regular shapes of verrucae; muri supported by double rows of pilae, 3-3.5 p 
wide. 

Rumex crispus L. (Fig. 12H-1) 

Pollen grains mostly 3-colporate. some pericolporate, some heterocolpate, suboblate to 
prolate spheroidal (P/E = 0.83-1.03) in equatorial view, circular in polar view, 30-38 x 33-40 p. 

Colpi very long and narrow, sometimes anastomosing at two poles, apocolpia very small. 
Ora transversally elliptic, 3.5-6 p wide. 

Exine 1.5-2 p thick. Sexine vallate/spinulate, vallae 0.3 /a wide, spinulae 0.15 /a wide. 


Fig. 9. (A-B) Myrica rubra Sieb. & Zucc. vai. acuminata Nakai: (A) A 3-porate grain in polar view, X2.300; 
(B) Detail of spinulate sexine surface, X6,600. (C-D) Eucalyptus robusta Smith: (C) A syncolporate 
grain in slightly oblique polar view, X 2,300; (D) An equatorial view showing a separated pore 
membrane, X2,300. (E-F) Melaleuca leucadentira L.: (E) A parasyncolporate grain in polar view, 

X2.700; (F) A grain in side view showing an os in the center of colpus, X2.700. 
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Primulaceae 


Lysimachia mauritiana Lam. (Fig. 12A-C) 

Pollen grains 3-colporate, isopolar, subprolale to prolate (P/E = 1.32-1.64) in equatorial 
view, circular in polar view, 37-43 x 23-30 p. 

Colpi 20-28 p long, narrow at meditorial. Ora transversally parallel, anastomosing to form 
a ring at meditorial under LM, but invisible under SEM, 34 p wide. 

Exine 1-2 p thick. Sexine compactly rugulate and showed irregular depressions. 


Lysimachia taiwaniana Suzuki ex Kao (Fig. 12D-F) 

Pollen grains 3-colporate, isopolar, prolate spheroidal to subprolate (P/E = 1.07-1.32) in 
equatorial view, circular in polar view, 29-37 x 25-30 p 

Colpi 24 p long, narrow. Ora similar to that of L. mauritiana, 34 p wide, invisible under 
SEM. 

Exine 1.5-2 p thick. Sexine compactly rugulate. 

Punicaceae 


Punica granatum L. (Fig. 12G) 

Pollen grains 3-colporate or 3-colporoidate, prolate spheroidal to subprolate (P/E = 1.08- 
1.37) in equatorial view, circular in polar view, 23-29 x 19-26 p. 

Colpi medium, 16-21 p long. 3-5 p wide. Colpi membranes granulate. Ora circular, 3 p 
in diameter. Ora membranes protruding. 

Exine 1-1.5 p thick. Sexine as thick as or slightly thinner than nexine, densely verrucate. 


Salicaceae 


Salix babylonica L. (Fig. 13A-B) 

Pollen grains 3-colpate-colporate, isopolar, oblate spheroidal to subprolate (P/E = 0.89- 
1.92) in equatorial view, circular or less frequently circular-lobate in polar view, 15-28 x 
13-21 p. 

Colpi comparatively long and wide (2 p wide). Colpus membranes coarsely verrucate. Ora 
indistinct. 

Exine 1-1.5 p thick. Sexine reticulate. Muri keeled and angular, 0.6 p wide. Lumina 0.5- 
1.5 p in dimension at the center of mesocolpia, decreasing in size towards the colpus margins. 


l ig. 10. (A-B) Chionanthus returns Lindl. & Paxton var. serrularus (Hayata) Koidz.: (A) A grain in equatorial 
view, X4.000; (B) A grain in slightly oblique polar view. X4.000. (C) Ligustrum japonicum Thunb.: 
A grain in polar view showing reticulate sexine surface. X2.000. (D-E) Plantago asiatica L.: (D) A 
spinulate pollen grain with four pores visible, X2.000; (E) Detail of the warty-spinulate exine with 
pore to the right, X6,600. (I ) Plauagto major L. A grain with three faintly delimited pores, X 2,700. 
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Salix warburgii 0. Seem. (Fig. 13C-D) 

Pollen grains 3-colporate, isopolar, prolate to subprolate in equatorial view, circular to 
circular-lobate in polar view, 17-22 x 12-17 y. Apocolpia ca. 5 y in diameter. 

Colpi relatively long and broad (1.2-1.5 y wide). Colpus membranes sparsely granulate. 
Ora transversally elliptic under LM, with protruding intine under SEM. 

Exine 1.5 y thick. Sexine reticulate. Muri keeled and angular, 0.3-0.5 y wide. Lumina 
largest at the center of mesocolpia (0.5-1 y in diameter), decreasing in size towards the colpus 
margins. 

S. warburgii differs from 5. babylonica by having a smooth belt along the colpus margins. 


Ulniaceae 


Celtis sinensis Personn (Fig. 13E-G) 

Pollen grains 3-porate (17 grains 4-porate in 1000 counts), isopolar, oblate-spheroidal in 
equatorial view, circular in polar view, 21-36 y in diameter. 

Pores circular or elliptical, 3-4 x 2-3 y, with a prominant annulus, 0.8-1.5 y wide, 1.5 y 
high. Aperture drop type. Pore membranes studded with a few processes. 

Exine 1.5 y thick. Sexine sparsely spinulate, 0.15-0.3 y in dimension. 

Trema oricntalis (L.) Blume (Fig. 13H) 

Pollen grains 2-porate, isopolar, suboblate to oblate spheroidal in equatorial view, circular 
in polar view, 15-21 x 17-23 y. 

Pores circular or elliptical, 2-4 y in dimension, with a somewhat thickened margin, 2 y wide; 
aperture drop type. Pore membranes studded with a few processes. 

Exine 1.5 y thick at extra-apertural area and 2.3 y thick at apertural area. Sexine verrucate 
under SEM. 

Zelkova serrata (Thunb.) Makino (Fig. 14A-C) 

Pollen grains 4-5 porate, tetragonal or pentagonal in polar view, 28-36 y wide. 

Pores 1-4 y wide, uncrassimarginate. 

Exine 1.5-3 y thick. Sexine rugulate. 


Gramineae 

Alopecurus aequalis Sobol, var. amurensis (Komar.) Ohwi (Fig. 14D-E) 
Pollen grains 1- porate, spheroidal, 27-38 y wide. 


Fig. 11. (A-B) Polygonum chinensis L.: (A) A grain in polar view, x 1,300; (B) Detail of sexine surface, X3,300. 
(C-D) Polygonum hydropiper L.: (C) A pantoporate reticulate grain with irregularly polygonal 

lumina, X 1,000; (D) Detail of sexine surface. X3.300. (E-F) Polygonum longisetum De Bruyn: (E) A 
pantoporate reticulate grain with regularly polygonal lumina. X 1,100; (F) Detail of sexine surface, 
X 3,300. 
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Pores circular, 2-4 p in diameter, the annulus obscure, 1-3 p wide. 

Exine 1-2 p thick. Sexine irregularly polygonal islands (Setaria- type; Kohler & Lange, 1979) 
0.3-0.9 p in dimension, each with 3-6 spinulae (0.1 p wide). 


Bambusa oldhamii Munro (Fig. 14F-G) 

Pollen grains 1 -porate, spheroidal, 38-75 p wide. 

Pores circular, 3-7 /a in diameter, the annulus conspicuous, 3.5-4.5 p wide, 5 p high. 

Exine 1-1.5 /a thick. Sexine spinulate, spinulae 0.2 /a wide, crowded and more or less 
coalesced. 


Oryza sativa L (Fig. 14H-1) 

Pollen grains 1-porate, spheroidal, 38 p wide. 

Pores circular, 3 /a in diameter, the annulus conspicuous, 2.8 p wide. 
Exine 1 p thick. Sexine Avena-Type (Kohler & Lange. 1979). 

Beug (196^characterized this type by the term “Punktk!umpen'\ 


Paspalum orbiculare Forst. (Fig. 1 5A-B) 

Pollen grains 1 -porate, spheroidal, 36-54 /a wide. 

Pores circular, 2-5 /a in diameter, the annulus obscure, 2-2.5 p wide, 2 /a high. 

Exine 1-3 /a thick. Sexine irregularly polygonal islands {Setaria- type), 0.3-1.4 p in dimension, 
each with 3-17 spinulae (0.1 /a wide). Incisions wide and clearly defined. 


Pennisetum alopecuroides (L.) Spreng. (Fig. 15C-D) 

Pollen grains 1 -porate, spheroidal, 27-32 /a wide. 

Pores circular, 2.5 /a in diameter, the annulus 2.5 /a wide, 2 p high. 

Exine 1-1.5 p thick. Sexine Setaria-lype, irregularly polygonal islands 0.5-1.8 /a in dimension, 
each with 5-25 spinulae (0.1 /a wide). 

Poa annua L. (Fig. 15E-F) 

Pollen grains 1-porate, spheroidal, 24-31 p wide. 

Pores circular, 1.5-3 /a in diameter, the annulus 1.5 /a wide, 2-2.5 /a high. 

Exine 1-1.5 p thick. Sexine Setaria-type, irregularly polygonal islands 0.4-1.3 /a in dimension, 
each with 2-10 spinulae (0.1 /a wide). 


Fig. 12. (A-C) Lysimachia mauritiana Lam.: (A) A grain in equatorial view, x2,000; (B) A grain in polar view, 
X2.000; (C) Detail of sexine surface, X6,600. (D-F) l.ysimachia taiwaniana Suzuki ex Kao: (D) A 
grain in equatorial view, X2.000; (E) A grain in slightly oblique polar view, x2,000; (F) Detail of 
sexine surface, X6.600. (G) Punica granatum L. A grain in equatorial view showing the faintly 

granulate colpus membrane and the protruding os. X2,300. (H-I) Rutnex crispus L.: (H) A 6-colpate 
grain. X 1,700; (I) Detail of vallate/spinulate sexine surface, X6.600. 
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Polypogon fugax Nees (Fig. 15G-H) 

Pollen grains 1-porate, spheroidal, 25 n wide. 

Pores circular or elliptic, 2.5-3 n in diameter, the annulus 1.5 n wide, 1.5 jj high. 

Exine 1-1.5 ji thick. Sexine spinulate, spinulae not clearly defined, 0.2-0.4 p wide. 

Setaria palmifolia (Koen.) Stapf (Fig. 16A-B) 

Pollen grains 1-porate, spheroidal or slightly elliptic in equatorial view, (22-)33-42 p wide. 

Pores circular, 2-4 n in diameter, the annulus conspicuous, 2.5-3 ji wide, 2.5 /a high. 

Exine 1-1.5 /a thick. Sexine irregularly polygonal islands (Setaria- type) 0.3-1.0 /a in 
dimension, each with 4-14 spinulae (0.1 /a wide). Incisions remarkably narrow and clearly 
defined. 

Setaria viridis (L.) Beauv (Fig. 16C-D) 

Pollen grains 1-porate, spheroidal, 37-57 /a wide. 

Pores circular or inconspicuous, 2-4 /a in diameter, annulus 1-2 /a wide, 3 /a high, sometimes 
obscure. 

Exine 1-2 /a thick. Sexine irregularly polygonal islands (Setaria- type) 0.4-1.5 (a in dimension, 
each with sparse and minute spinulae. Incision remarkably narrow and clearly defined. 

Zea mays L. (Fig. 16E-F) 

Pollen grains 1-porate, elliptic or spheroidal, 81-154 ja wide. 

Pores circular or elliptic, on one side of the elliptic grain, 4-11.5 /a in diameter, the annulus 
3-7.5 /a wide, 3.5-5 ja high. 

Exine 1-2.5 /a thick. Sexine spinulate, spinulae separated, up to 0.4 /a wide. Spinulae used 
here is in accordance with the scabrate sculpture of Anderson & Bertelsen (1972). 

DISCUSSION 

The results noted above showed that the most frequently observed airboren pollen except 
some of 2- and 3-porate ones can easily be identified based on their SEM ultrasculpture. The 
difficulty to distinguish 2- and 3-porate pollen is due to their similarity in pollen size and wall 
sculpture. For example, most pollen grains of Moraceae are more or less uniform in their 
characteristics (Punct & Eetgerink, 1982). 


Fig. 13. (A-B) Salix babylonica L.: (A) A 3-colpate pollen grain in equatorial view showing a colpus with 

coarsely granulate membrane, X3.300, (B) Detail of the exine showing keeled muri and irregular lumina 
filled with free elements, X 10,000. (C-D) Salix warburgii O. Seem.: (C) A 3-colporate grain in 

equatorial view showing a colpus with granulate membrane and an os with slightly protruding intine, 
X3,300; (D) A reticulate pollen grain in equatorial view showing a mesocolpium delimited by two 
colpi. Muri keeled and angular, X3,300. (E-G) Celtis sinensis Personn: (E) Detail of sexine surface, 
X 10,000; (F) A grain showing two of the three pores with pore membranes and protrudings, X 2,300; 
(G) A grain showing annulate circular pore in the center without pore membrane, x2,300. (H) Trema 
orientalis (L.) Blume: Exine surface verrucate, 2 pores at left and right hand, x2,700. 
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The 3-porate pollen of Humulus (Moraceae) and Celtis (Ulmaceae) are quite similar in 
morphology. Zavada (1983) had also mentioned that the pollen morphology of genus Celtis 
was more like that of Moraceae than those of Ulmoideae. 

The most frequently observed 2-porate pollen were Broussonetia (Moraceae), Monts 
(Moraceae) and Trema (Ulmaceae). Pollen of Trerna can be distinguished from that of other 
two genera due to its verrucate wall sculpture. The pollen of the former two genera were difficult 
to distinguish from each other since they have similar spinulate wall sculpture and size. Further¬ 
more, they have overlapping flowering time (Chen, 1984). An additional study with TEM is 
recommended. 

The plants of Junipems chinensis and Thuja orientals have the same flowering period in 
Taipei. The pollen of both species do not have great difference in their morphology even under 
SEM observation. It is therefore suggested to apply a combination. The name “Cupressaceae” 
was the same meaning as per Chen (1984) and Chen & Chien (1986). 

Pollen of l.agerstroemia was recognized previously as 3-colporate (Erdtman, 1966; Huang, 
1972). The observation with SEM shows that the pollen of this genus should be 3-colporate 
with 6 pseudocolpi (Fig. 7G-1). The same result had been observed by Graham et al. (1987). 
However, it is characterized by the wall thickness of this pollen which makes it no difficulty 
for identification. 
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Fig. 15. (A-B) Paspalum orbiculare Forst.: (A) A spheroidal grain, x 1,300; (B) Detail of exine surface, 
XI 0,000. (C-D) Pennisetum alopecuroides (L.) Spreng.: (C) A 1-porate grain, X 1,300; (D) Detail 

of exine surface, X 10,000. (E-F) Poa annua L.: (E) A 1-porate grain, X2.000; (F) Detail of exine 
surface, X 10.000. (G-H) Polypogon fugax Nees: (G) A 1-porate grain, X2.000; (H) Detail of exine 
surface, X 10,000. 

Fig. 16. (A-B) Setaria palmifolia (Koen.) Stapf: (A) Equatorial view of 1-porate grain, X 1,700; (B) Detail of 
exine surface showing irregularly polygonal islands, X 10,000. (C-D) Setaria virides (L.) Beauv: (C) 
1-porate grain, X 1,700; (D) Detail of exine surface and obscure pore, X 10,000. (E-F) Zea mays L.: 
(E) 1-porate grain, X800; (F) Detail of exine surface, X 10,000. 








